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TITLE OF THE INVENTION 

Hydrogen purifying apparatus 

BACKGROUND OF THE INVENTION 

The present invention relates to a hydrogen 
purifying apparatus for use in fuel cells such as solid 
polymer electrolyte fuel cell. More specifically, the 
present invention relates to a hydrogen purifying 
apparatus for reducing a concentration of carbon monoxide 
in a reformed gas containing gaseous hydrogen and carbon 
monoxide . 

As the fuel gas for use in fuel cells, a 
reformed gas is used which can be obtained by reforming a 
material, such as hydrocarbon including natural gas, 
alcohol including methanol, or naphtha, with a steam or 
water vapor. Such reformed gas normally contains 
byproducts including carbon monoxide and carbon dioxide in 
addition to hydrogen gas . 

Fuel cells which can operate at high 
temperatures, such as molten carbonate fuel cell, can even 
utilize carbon monoxide as a fuel. However, for fuel 
cells with lower operating temperatures, such as 
phosphoric acid fuel cell and solid polymer electrolyte 
fuel cell, the presence of a high concentration of carbon 
monoxide in the reformed gas is poisonous to any platinum 
group metallic catalyst which is utilized by an electrode 
of the cell. As a result, such cell can not exert 
satisfactory electric power generating performance. For 
the solid polymer electrolyte fuel cell in particular, the 
electrode catalyst is poisoned with carbon monoxide in a 
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relatively short time even if the concentration of carbon 
monoxide in the reformed gas is as low as 50 ppm or so, 
producing rapid impairment of the electric power 
generating performance of the cell. 

Therefore, carbon monoxide is removed by 
oxidizing it using a platinum group metallic catalyst 
after reducing the concentration of carbon monoxide in the 
reformed gas with a carbon monoxide modifying or 
metamorphic catalyst. 
; fj An example of the method for removing carbon 

It, monoxide by oxidation is to oxidize only carbon monoxide 

/jf selectively at low temperature using a catalyst carrying 

;3 on the carrier alumina a known activator platinum or 

rhodium, thereby removing the carbon monoxide (see 
:^ Japanese Laid-Open Patent Publication No. Hei 5-201702, 

111 for example ) . 

;Q As an alternative, there is a method which 

? ^ provides an oxidation catalyst of carbon monoxide on the 

flow pathway of the reformed gas toward the fuel cell and 
then introduces open air in order to supply sufficient 
amounts of oxygen (oxidant) to the reformed gas, thereby 
effectively oxidizing and removing carbon monoxide (see 
Japanese Laid-Open Patent Publication No. Hei 9-504901, 
for example) . 

According to the methods , the concentration of 
carbon monoxide in the reformed gas can be reduced to as 
low as 10 ppm or so which is lower than the poisonous 
concentration to the electrode catalyst. 

However, under practical use conditions, since 
the concentration of carbon monoxide in the reformed gas 
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changes as the amount of reformed gas supplied to the fuel 
cell changes, it is necessary to control the supplying 
amount of open air as appropriate. However, the oxidation 
reaction of carbon monoxide in the presence of oxidation 
catalyst accompanies heat generation (exothermic reaction) 
and thus alters the temperature of the electrode catalyst 
when the supplying amount of open air to the reformed gas 
is varied. There is a problem in the prior art methods 
that when the catalyst temperature is altered and reaches 
outside the optimal temperature range of the catalyst 
activity, oxidation and removal of carbon monoxide becomes 
unsatisfactory. 

Another problem is that excess supply of open 
air increases the amount of heat generated by the 
oxidation catalyst and elevates the temperature of the 
catalyst. Heat generation is concentrated particularly at 
the catalyst close to the side into which the reformed gas 
is introduced, producing a high temperature around there 
in a short time. Since hydrogen is more reactive to the 
catalyst than carbon monoxide, the oxygen supplied as an 
oxidant is mostly consumed for oxidizing hydrogen rather 
than carbon monoxide, if the catalyst has a high 
temperature. As a result, the catalyst loses the ability 
to selectively oxidize carbon monoxide. 

Under such circumstances, it is essential in the 
hydrogen purifying apparatus to control the catalyst 
temperature in a range at which carbon monoxide readily 
reacts with the catalyst but hydrogen does not . In other 
words, reduction in the change, particularly elevation of 
catalyst temperature is required. 



The most efficient temperature for oxidizing 
carbon monoxide is a critical low temperature at which 
carbon monoxide can react with the catalyst. However, 
control of the temperature of the oxidation catalyst which 
selectively oxidizes carbon monoxide by regulating the 
amount of reformed gas to be supplied to the fuel cell or 
by cooling the catalyst eventually excretes drastic 
amounts of carbon monoxide upon only a slight decrease of 
the temperature. Therefore, the prior art methods 
required control of the temperature within a range of 
several to several tens degrees centigrade higher than the 
critical low temperature, in consideration of the flow 
rate of the reformed gas and possible changes in the 
catalyst temperature. As such, the conventional methods 
have met difficulties considerably in achieving selective 
and efficient oxidation of carbon monoxide. 

Furthermore, the oxygen supplied is constantly 
consumed for oxidizing hydrogen gas as the fuel while 
being consumed for oxidizing carbon monoxide. This means 
that there is a need to reduce the supplying amount of 
open air to a minimum. However, if the catalyst is 
elevated in temperature when the oxygen amount in hydrogen 
gas is insufficient due to down -regulated amounts of open 
air to be supplied, production of carbon monoxide proceeds 
due to reaction equilibrium between the carbon dioxide and 
hydrogen. Therefore, the air to be supplied must be 
controlled exactly and precisely to a right amount. In 
order to satisfy the above requirement, the conventional 
hydrogen purifying apparatus meets a problem that it is 
inevitably complicated in structure. 



In view of the above-mentioned various facts, 
the object of the present invention is to provide a 
hydrogen purifying apparatus in which the catalyst for 
selectively oxidizing carbon monoxide can exert the 
ability sufficiently and the concentration of carbon 
monoxide in the reformed gas can be reduced constantly and 
stably even when the use conditions of the apparatus, such 
as temperature, amounts of open air to be supplied and 
amounts of carbon monoxide to be treated are varied* 

BRIEF SUMMARY OF THE INVENTION 

The present invention relates to a hydrogen 
purifying apparatus for oxidizing and removing carbon 
monoxide (CO) in a reformed gas containing CO in addition 
to a main component of hydrogen gas, comprising a reaction 
segment having a catalyst layer for oxidizing CO, a 
reformed gas supplying segment for supplying the reformed 
gas to the reaction segment via a reformed gas supply 
pathway, an oxidant gas supplying segment for supplying an 
oxidant gas on the path of the material gas supply 
pathway, means for cooling the catalyst layer at the 
upstream side, and means for heating the catalyst layer at 
the downstream side. 

In a preferred mode of the present invention, 
the means for cooling the catalyst layer at the upstream 
side is a water-cooled apparatus and the means for heating 
the catalyst layer at the downstream side is a heater. 

In another preferred mode of the present 
invention, the upstream side of the catalyst layer is 
formed by a different catalyst from that of the downstream 
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side, and the catalyst constituting the downstream side 
exerts the activity at lower temperature than the catalyst 
constituting the upstream side. 

In a further preferred mode of the present 
invention, the reaction segment may further comprise two 
or more catalyst layers. In such case, it is preferable 
to provide each catalyst layer with an oxidant gas 
supplying segment . 

In a still further preferred mode of the present 
invention, the catalyst layer carries a catalyst on a 
carrier having a honeycomb structure or a foamed structure 
with communicating pores . 

The catalyst layer is preferably supported by a 
metallic material. 

The heating means is preferably one which 
utilizes reaction heat generated by reaction of CO and 
hydrogen in the reformed gas with the oxidant gas. 

It is desirable for the catalyst layer that the 
downstream side has a higher temperature than the upstream 
side . 

In a still further preferred mode of the present 
invention, the hydrogen purifying apparatus further 
comprises means for changing the supplying amount of the 
oxidant gas according to a temperature of the catalyst 
layer . 

In a still further preferred mode of the present 
invention, the hydrogen purifying apparatus is provided 
with a flow pathway of the reformed gas at a position 
close to or in close contact with the catalyst layer via a 
partition so as to heat said downstream side of said 



catalyst layer by a contact with said reformed gas before 
the passage through the cooling means . 

It is desired that the reformed gas passes 
through the catalyst layer in an opposing direction of 
stream to that before the same passes through the cooling 
means . 

It is further desired that the reaction segment 
is placed on the periphery of the flow pathway of the 
reformed gas before the passage through the catalyst 
layer . 

It is also preferred that the reaction segment 
is tube -shaped and the flow pathway of the reformed gas 
before the passage through the cooling means is formed 
around the reaction segment. 

It is also preferable to connect two or more 
reaction segments in parallel. 

In a further preferred mode of the present 
invention, the hydrogen purifying apparatus is provided 
with a branched pathway which bifurcates downstream from 
the connection between the reformed gas supply pathway and 
the oxidant gas supply pathway and is connected to the 
reaction segment at the middle point of the catalyst 
layer, the branched pathway acting as the means for 
cooling the upstream side of the catalyst layer or 
otherwise heating the downstream side of the catalyst 
layer . 

In the above case, the hydrogen purifying 
apparatus preferably further comprises means for changing 
the cross -sectional area of the reformed gas supply 
pathway and the branched pathway at their connection to 
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the reaction segment in order to control the amount of 
reformed gas to be supplied to the reaction segment from 
the reformed gas supply pathway and the branched pathway. 

It is desirable that the reaction segment has at 
least a two -segmented catalyst layer and at least the 
uppermost catalyst layer has a part with no catalytic 
function or a part with low reactivity to CO. 

It is also desirable the reaction segment has at 
least a two- segmented catalyst layer, and at least the 
uppermost catalyst layer is composed of a catalyst pellet 
and the lowermost catalyst layer is in the form of a 
honeycomb . 

It is further desirable that the reaction 
segment has at least a two- segmented honeycomb shaped 
catalyst layer, and the uppermost catalyst layer is larger 
than the lowermost catalyst layer with respect to an open 
area at the honeycomb lattice. 

It is preferred that the uppermost catalyst 
layer comprises a platinum group metal supported by the 
alumina group material and the lowermost catalyst layer 
comprises a platinum group metal supported by the zeolite 
group material. 

The uppermost catalyst layer preferably 
comprises a catalyst which was heated at a higher 
temperature than that of the lowermost catalyst layer. 

It is preferable for the catalyst layer to have 
a temperature measuring apparatus and means for 
controlling the supplying amount of oxidant gas according 
to a temperature as measured. 

While the novel features of the invention are 
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set forth particularly in the appended claims, the 
invention, both as to organization and content, will be 
better understood and appreciated, along with other 
objects and features thereof, from the following detailed 
description taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

FIG. 1 is a schematic cross -sectional view 
illustrating a hydrogen purifying apparatus in the below- 
mentioned Embodiment 1-1 of the present invention . 

FIG. 2 is a graph illustrating the relation 
between the operating temperature of the catalyst for 
selectively oxidizing CO and the CO concentration in a 
modified gas which has passed through the catalyst layer 
obtained from the hydrogen purifying apparatus of FIG. 1. 

FIG. 3 is a schematic cross -sectional view 
illustrating a hydrogen purifying apparatus in the below- 
mentioned Embodiment 1-2 of the present invention. 

FIG. 4 is a schematic cross -sectional view 
illustrating a hydrogen purifying apparatus in the below- 
mentioned Embodiment 1-3 of the present invention. 

FIG. 5 is a schematic cross -sectional view 
illustrating a hydrogen purifying apparatus in the below- 
mentioned Embodiment 1-4 of the present invention. 

FIG. 6 is a graph illustrating the operation 
characteristics of a catalyst operating at high 
temperature and a catalyst operating at low temperature in 
a hydrogen purifying apparatus in the below-mentioned 
Embodiment 1-4 of the present invention. 

FIG. 7 is a schematic cross -sectional view 
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illustrating a hydrogen purifying apparatus in the below- 
mentioned Embodiment 1-6 of the present invention. 

FIG* 8 is a diagrammatic illustration showing 
the structure of a hydrogen purifying apparatus embodied 
in the below-mentioned Embodiment 2-1 of the present 
invention . 

FIG. 9 is a diagrammatic illustration showing 
the structure of a hydrogen purifying apparatus embodied 
in the below-mentioned Embodiment 2-2 of the present 
invention. 

FIG. 10 is a diagrammatic illustration showing 
the structure of a hydrogen purifying apparatus embodied 
in the below-mentioned Embodiment 2-3 of the present 
invention. 

FIG. 11 is a diagrammatic illustration showing 
the structure of a hydrogen purifying apparatus embodied 
in the below-mentioned Embodiment 2-4 of the present 
invention . 

FIG. 12 is a diagrammatical illustration showing 
the structure of a hydrogen purifying apparatus embodied 
in the below-mentioned Embodiment 2-5 of the present 
invention . 

FIG. 13 is a diagrammatical illustration showing 
the structure of a hydrogen purifying apparatus embodied 
in the below-mentioned Embodiment 2-6 of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a hydrogen 
purifying apparatus (or a CO cleanup apparatus) for 



oxidizing and removing CO in a reformed gas such as a 
reformed gas containing CO in addition to a main component 
of hydrogen gas, comprising a reaction segment having a 
catalyst layer for oxidizing CO, a reformed gas supplying 
segment for supplying the reformed gas to the reaction 
segment via a reformed gas supply pathway, and an oxidant 
gas supplying segment for supplying an oxidant gas on the 
path of the reformed gas supply pathway. The most 
characteristic feature of the present invention is further 
provisions of means for cooling the catalyst layer at the 
upstream side, and means for heating the catalyst layer at 
the downstream side. 

The presence of such means facilitates efficient 
oxidation and removal of undesirable CO in the reformed 
gas. In other words, such means helps the catalyst which 
selectively oxidizes CO to exert the ability sufficiently 
and to reduce CO concentration in the reformed gas 
(hydrogen gas containing at least CO in this case) stably 
and constantly even if the use conditions of the 
apparatus, such as temperature, amounts of open air to be 
supplied and amounts of CO to be treated are varied. 

Here, the means for cooling the upstream side of 
the catalyst layer and the means for heating the 
downstream side of the catalyst layer can be embodied in 
two forms. In the following. Embodiment 1 and Embodiment 
2 of the present invention will be described. 

Embodiment 1 

Embodiment 1 of the present invention uses a 
water-cooled apparatus as the means for cooling the 
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upstream side of th€* catalyst layer and a heater as the 
means for heating the downstream side of the catalyst 
layer. The use of such means helps the catalyst for 
selectively oxidizing only CO to exert the function stably 
and facilitates control of the catalyst temperature. 

In the present embodiment, the means for cooling 
the upstream side of the catalyst layer is preferably a 
water-cooled apparatus and the means for heating the 
downstream side of the catalyst layer is preferably a 
heater . 

[ : % It is also preferred that the upstream side of 

the catalyst layer is formed by a different catalyst from 

Q that of the downstream side and that the catalyst 

constituting the downstream side of the catalyst layer is 

j** activated at a temperature lower than the catalyst 

111 constituting the upstream side. 

.f% The reaction segment may have two or more 

' si*-;? 

^ J catalyst layers. In that case, it is preferable to form 

the oxidant gas supplying segment in each catalyst layer. 

A preferred configuration of the catalyst layer 
is to carry the catalyst on a honeycomb base or a foamed 
base having communicating pores. In other words, the 
catalyst may be supported by such honeycomb base or a 
foamed base having communicating pores. 

The catalyst layer is preferably composed of a 
metallic base carrying the catalyst thereon. 

The heating means is preferably such one that 
utilizes reaction heat generated by the reaction of CO and 
hydrogen in the reformed gas with the oxidant gas. 

It is also preferable to set the temperature of 



the downstream side of the catalyst layer higher than that 
of the upstream side. 

It is preferable to further provide means for 
changing the amount of oxidant gas to be supplied in 
correspondence with the temperature of the catalyst layer. 

The hydrogen purifying apparatus in accordance 
with the present invention is preferably provided with a 
flow pathway of the reformed gas at a position close to or 
in close contact with the catalyst layer via a partition 
so as to heat said downstream side of said catalyst layer 
by a contact with the reformed gas before the passage 
through the cooling means. 

It is desired that the reformed gas passes 
through the catalyst layer in an opposing direction of 
stream to that before it passes through the cooling means. 

It is further desired that the reaction segment 
is formed on the periphery of the flow pathway of the 
reformed gas before the passage through the catalyst 
layer . 

It is also preferred that the reaction segment 
is tube -shaped and the flow pathway of the reformed gas 
before the passage through the cooling means is formed 
around the reaction segment . 

It is also preferable to connect two or more 
reaction segments in parallel. 

Embodiment 1-1 

FIG. 1 is a schematic cross -sectional view of 
the hydrogen purifying apparatus in Embodiment 1-1 in 
accordance with the present invention. As shown in FIG. 



1, the hydrogen purifying apparatus comprises a catalyst 
layer 1, a reformed gas inlet 2, an air supply duct 3, an 
air flow rate control valve 4 , a cooled water supply duct 
5 , a cooled water volume control valve 6 , a heat exchanger 
7, a heater 8, a reaction chamber (or reaction segment) 9, 
and a reformed gas outlet 10. 

In the following, the operation and the 
technical feature of the present embodiment will be 
described. 

When a fuel is reformed with a water vapor, the 
CO concentration in the resultant reformed gas increases 
as the reaction temperature is elevated. When the fuel is 
methanol which can be reformed at 300 C or lower, the 
resultant reformed gas has a CO concentration of 1% or so. 
Therefore, the reformed gas can be directly introduced 
through the reformed gas inlet 2. To the contrary, when 
the fuel is methane or natural gas both requiring 600 C 
or so for causing reaction, the resultant reformed gas 
inevitably contains 10% CO or more due to equilibrium of 
aqueous gas shift reaction. Therefore, such reformed gas 
is reduced in the concentration of CO to 1% or less by 
reacting the same with water vapor using a modifying 
catalyst to convert CO to carbon dioxide and hydrogen 
before the same is introduced into the apparatus through 
the reformed gas inlet 2. 

In order to oxidize the CO in the reformed gas, 
open air is introduced from the air supply duct 3 to cause 
reaction between the CO and air at the catalyst layer 1. 
If the introduced air is too little, CO can not react with 
air sufficiently. If the introduced air is excessive, 



hydrogen consumption increases. Therefore, the air volume 
to be supplied is regulated by the air flow rate control 
valve 4 such that oxygen is contained one to threefold the 
amount of CO (volume ratio). The reformed gas mixed with 
air is cooled with the heat exchanger 7 down to a 
temperature at which the activating temperature of the 
catalyst, that is, the catalytic activity for CO of the 
catalyst starts to decrease rapidly, or even lower than 
that temperature. Then, the reformed gas is supplied to 
the catalyst layer 1. 

The catalyst layer 1 used here is a ceramic 
honeycomb base coated with alumina carrying thereon 
platinum. The catalyst layer 1 exhibits the 
characteristics as shown in FIG. 2. Namely, since CO in 
the reformed gas becomes reactive at a lower temperature 
than hydrogen does, the lower the catalyst temperature, 
the lower the concentration of CO to be exhausted. If the 
temperature is lowered excessively, the temperature 
becomes lower than the activating temperature of the 
catalyst. As a result, CO becomes nonreactive, which 
results in an abrupt increase of CO to be exhausted. 

The catalyst layer 1 has been controlled such 
that the upstream side has a temperature around or lower 
than an activating temperature of the catalyst as used 
using the cooling effect of the heat exchanger 7, and the 
temperature increases gradually toward downstream. This 
structure enables formation of a temperature zone at which 
CO is most efficiently reacted with the catalyst layer. 
In this way, the CO concentration in the modified gas can 
be reduced to the extent of as low as several ppm which is 



a level not impairing the performance of any solid polymer 
electrolyte fuel cell. Any change in the temperature of 
the reformed gas or the cooling apparatus more or less 
would result in a mere shift of the position of the above- 
mentioned temperature zone toward upstream or downstream 
and would not interfere with stable removal of CO. 

In the present embodiment, although open air was 
used as the oxidant gas , the use of pure oxygen alleviates 
the decrease of hydrogen concentration in the reformed gas 
by the amount of nitrogen in open air, because pure oxygen 
contains no nitrogen. This increases the electric power 
generating efficiency of the fuel cell which will be 
connected to the hydrogen purifying apparatus 
subsequently. However, the use of open air is generally 
cost-effective . 

Similarly, in the present embodiment, although 
an electric heater was used for heating the catalyst layer 
1, oxidation heat generated by CO and hydrogen may be used 
for the means for heating the downstream side of the 
catalyst layer 1. By controlling the flow rate of the 
reformed gas passing through the catalyst layer 1 and the 
ratio of air to be introduced and by utilizing oxidation 
heat of CO and hydrogen, the temperature distribution on 
the catalyst layer 1 can be optimized without use of an 
electric heater or with the use of minimal heat by a 
heater. 

CO and hydrogen produce more oxidation heat in 
proportion to the amount of supplied air. Therefore, 
regulation of air volume can retain a suitable temperature 
of the catalyst layer 1. This method enables more stable 



function of the catalyst layer 1 . 

In the present embodiment, although the base of 
the catalyst layer 1 was a codierite honeycomb, any 
metallic base may also be used. The use of such metallic 
base for the base of the catalyst layer enables rapid 
escape of reaction heat, thus facilitating reduction of 
temperature rises due to oxidation heat by CO and 
hydrogen. As a result, treated amounts of reformed gas 
per unit volume by the catalyst layer 1 can be increased 
and the adverse influence of increases or decreases of the 
reaction heat due to changes in load on the hydrogen 
purifying apparatus can be alleviated, leading to stable 
performance of the apparatus. 

Embodiment 1-2 

The hydrogen purifying apparatus of Embodiment 
1-2 in accordance with the present invention will be 
described herein. As shown in FIG. 3, the hydrogen 
purifying apparatus in accordance with the present 
embodiment comprises a honeycomb catalyst layer 11 formed 
inside a tube-shaped reaction chamber 18, a reformed gas 
flow pathway formed external to the reaction chamber 18, 
and a heat exchange fin 20 provided on a wall of the 
reformed gas flow pathway neighboring the downstream side 
of the catalyst layer 11. The operation and effect of the 
apparatus of this embodiment are mostly similar to those 
of the apparatus of Embodiment 1 - 1 . Therefore , the 
description of this embodiment will be focused on 
different features from those of Embodiment 1-1. 

FIG. 3 is a schematic cross -sectional view 



-18- 

illustrating the hydrogen purifying apparatus in 
Embodiment 1-2. A provision of the heat exchange fin 20 
close to the side wall around the downstream side of the 
catalyst layer 11 helps to heat the downstream side of the 
catalyst layer 11. Such structure also facilitates 
cooling the reformed gas by a heat exchanger 17. 
Moreover, since the reformed gas flow pathway thermally 
insulates the catalyst layer 11, the temperature 
distribution in the center and the periphery of the 
catalyst layer 11 becomes homogeneous, thereby enabling 
efficient oxidation of CO. Due to the structure of the 
apparatus such that the reformed gas passes through the 
catalyst layer 11 in an opposing direction of stream to 
that before passing through the heat exchanger 17, the 
reformed gas at elevated temperature can exchange heat 
with the downstream side of the catalyst layer 11 and is 
cooled. Because the reformed gas thus cooled then passes 
along the upstream side of the catalyst layer 11, the 
temperature of the catalyst layer 11 can be lowered at the 
upstream side and elevated at the downstream side. As a 
result, the temperature distribution can be optimized in 
response to selective oxidation of CO by the catalyst. 

In the present example, although the reaction 
chamber 18 had a single chamber, it can have two or more 
chambers. In other words, two or more reaction segments 
can be employed. Two or more reaction chambers can 
enhance the efficiency of heat exchange with the reformed 
gas and can cope with a high capacity hydrogen purifying 
apparatus . 



Embodiment 1-3 

The hydrogen purifying apparatus of Embodiment 
1-3 in accordance with the present invention will be 
described herein. As shown in FIG. 4, the hydrogen 
purifying apparatus in accordance with the present 
embodiment comprises a reaction chamber 28 formed on the 
periphery of a tube -shaped reformed gas flow pathway, a 
honeycomb catalyst layer 21 formed inside the reaction 
chamber 28, and a heat exchange fin 30 provided on a wall 
of the reformed gas flow pathway neighboring the 
downstream side of the catalyst layer 21. The operation 
and effect of the apparatus of this embodiment are mostly 
similar to those of the apparatus of Embodiment 1-2. 
Therefore, the description of this embodiment will be 
focused on different features from those of Embodiment 1- 
2. 

FIG. 4 is a schematic cross -sectional view 
illustrating the hydrogen purifying apparatus in 
Embodiment 1-3. A provision of the heat exchange fin 30 
on the wall of the reformed gas flow pathway neighboring 
the downstream side of the catalyst layer 21 helps to heat 
the downstream side of the catalyst layer 21 while cooling 
the reformed gas. Such structure also facilitates cooling 
by a heat exchanger 27. In the event that the flow rate 
of the reformed gas is increased, cooling only by the heat 
exchanger proves insufficient occasionally when the 
temperature is elevated greatly due to oxidation heat by 
CO and hydrogen. However, the structure of the apparatus 
of this embodiment where heat is radiated from the 
periphery of the reaction chamber 28 enables to minimize 
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elevation of the temperature of the catalyst layer 21. 
Therefore, the apparatus can cope with any increases in 
load due to increased flow rate of the reformed gas. 

Embodiment 1-4 

The hydrogen purifying apparatus of Embodiment 
1-4 in accordance with the present invention will be 
described herein. As shown in FIG. 5, the hydrogen 
purifying apparatus in accordance with the present 
embodiment comprises a honeycomb first catalyst layer 31 
formed inside a reaction chamber 40 and a second catalyst 
layer 32 formed downstream from the first catalyst layer 
31. The operation and effect of the apparatus of this 
embodiment are mostly similar to those of the apparatus of 
Embodiment 1. Therefore, the description of this 
embodiment will be focused on different features from 
those of Embodiment 1. 

FIG. 5 is a schematic cross -sectional view 
illustrating the hydrogen purifying apparatus in 
Embodiment 1-4. The operable temperature range of the 
catalyst selectively oxidizing CO varies depending on the 
species of rare metal contained in the catalyst, type of 
carrier and the like. In the present embodiment, for the 
first catalyst layer 31, a catalyst operable at high 
temperatures is used and for the second catalyst layer 32, 
a catalyst operable at low temperatures . * More 
specifically, a platinum- carrying zeolite was used for the 
first catalyst layer 31 and a platinum- carrying alumina 
for the second catalyst layer 32. 

As shown in FIG. 6, the catalyst operable at 



high temperatures for the first catalyst layer 31 
selectively oxidizes only CO at a high success rate when 
the temperature is high and does not react with CO when 
the temperature is low, thus allowing non-reacted oxygen 
to pass away together with CO. Therefore, when the 
temperature is high, any oxygen is not supplied to the 
second catalyst layer 32 and therefore the second catalyst 
layer 32 can play no role in the reaction. To the 
contrary, when the temperature is low, since oxygen can 
pass through the first catalyst layer 31 together with CO, 
the second catalyst layer 32 can play a major role in the 
reaction thereby removing CO. Moreover, the reaction heat 
generated at the second catalyst layer 32 heats the 
downstream side of the first catalyst layer 31, optimizing 
the temperature distribution of the first catalyst layer 
31. As such, arranging two or more catalyst layers each 
operating in a different temperature range helps to derive 
catalytic functions of the catalyst layers in a wide range 
of temperature . 

In the present embodiment, although two 
honeycomb catalyst layers were arranged, three or more 
catalyst layers may be arranged. Arrangement of many 
catalyst layers may help to remove CO efficiently in a 
wide range of temperature. 

Alternatively, the catalyst layer may be unitary 
integrated without dividing it into the first and the 
second catalyst layers 31 and 32. Integration of the 
catalyst layer facilitates the installation in the 
hydrogen purifying apparatus particularly when the 
catalyst layer comprises a pellet. 



Alternatively, the second catalyst layer 32 may 
use a catalyst which catalyzes the reaction between CO and 
hydrogen to form methane. When the temperature is 
controlled at a temperature at which the first catalyst 
layer 31 consumes all oxygen as supplied, the remaining CO 
can not be oxidized at the second catalyst layer 32 due to 
depletion of oxygen,. The use of the above-mentioned 
catalyst forming methane from CO helps to cause reaction 
between CO and hydrogen, thereby converting CO to methane. 
The methane forming reaction of CO is prone to proceed at 
higher temperature than the selective CO oxidation 
reaction. Therefore, the use of a heater 39 for heating 
the downstream side of the second catalyst layer as 
embodied in the present embodiment is preferable. 

Embodiment 1-5 

The hydrogen purifying apparatus of Embodiment 
1-5 in accordance with the present invention will be 
described herein. As shown in FIG. 7, the hydrogen 
purifying apparatus in accordance with the present 
embodiment comprises a honeycomb first catalyst layer 51 
and a second catalyst layer 52 formed downstream from the 
first catalyst layei: 51 which are formed inside a reaction 
chamber 62, wherein a second air supply duct 55 is 
provided between the first and the second catalyst layers 
51 and 52. The operation and effect of the apparatus of 
this embodiment are mostly similar to those of the 
apparatus of Embodiment 1. Therefore, the description of 
this embodiment will be focused on different features from 
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those of Embodiment 1 . 

FIG. 7 is a schematic cross -sectional view 
illustrating the hydrogen purifying apparatus in 
Embodiment 1-5. In the present embodiment, for the first 
catalyst layer 51, a catalyst operable at low temperatures 
is used and for the second catalyst layer 52, a catalyst 
operable at high temperatures is used. When the first 
catalyst layer 51 is increased in temperature greatly due 
to reaction between CO and air, the catalyst loses the 
ability to selectively oxidize CO occasionally. 
Therefore, air supply from a first air supply duct 54 to 
the first catalyst layer 51 is reduced by providing the 
second catalyst layer 52 and the second air supply duct 55 
in order to suppress temperature rises at the first 
catalyst layer 51. As a result, CO can be removed 
efficiently. 

Most CO can be removed at the first catalyst 
layer 51. However, reduced air supply increases slightly 
the CO concentration to be exhausted compared to the case 
of no reduction of air supply. Therefore, air 
corresponding to the volume of remaining CO in the second 
catalyst layer 52 is supplied to remove the remaining CO. 
In the structure of this embodiment, since the first 
catalyst layer 51 is increased in the ability of selective 
oxidation of CO by the reduction of temperature rises at 
the first catalyst layer 51, total amounts of air required 
by the first and the second catalyst layers 51 and 52 will 
decrease. Moreover, since the amount of air containing 
oxygen to be supplied to the second catalyst layer 52 is 
small and the temperature rise due to oxidation heat of CO 



is small, the second catalyst layer 52 is heated with a 
heater 61 in order to retain an optimal temperature of the 
second catalyst layer 52. In this way, CO can be removed 
stably and efficiently. 

In the present embodiment, the first catalyst 
layer 51 was formed with the catalyst operating at low 
temperature and the second catalyst layer 52 with the 
catalyst operating at high temperature. However, this may 
be reversed. The use of the catalyst operating at high 
temperature for the first catalyst layer 51 reduces 
cooling by a heat exchanger 60. Moreover, the use of the 
catalyst operating at low temperature for the second 
catalyst layer 52 enables efficient removal of CO even if 
the temperature decrease is great due to heat radiation on 
the way from the first toward the second catalyst layers 
51 and 52. 

In the foregoing embodiments. Embodiment 1 of 
the present invention has been described. In the 
foregoing embodiments, although the hydrogen purifying 
apparatus used a reformed methane gas and a reformed 
methanol gas, the present invention is not limited to 
these gases and can encompass the below-mentioned 
examples . 

In the present mode of embodiment, any reformed 
gas obtained from other gaseous hydrocarbon fuel, such as 
propane or butane, and liquid hydrocarbon fuel, such as 
gasoline or kerosene may be used. 

In the foregoing embodiments, although the 
catalyst carrying platinum on an alumina carrier was 
mainly used for the catalyst layer, any catalyst can be 
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used similarly if it can selectively oxidize CO. 
Applicable examples are noble metallic catalysts such as 
rhodium, ruthenium and composites of these catalysts, and 
transition metal composite oxide catalyst having a 
perovskite structure. Moreover, silica alumina or zeolite 
may be used in place of alumina as the carrier. If 
occasion demands, a catalyst which forms methane from CO 
selectively may be used. 

In the foregoing embodiments, although the 
catalyst layer was a honeycomb, any shape such as 
spherical shape or pellet may be used similarly if only it 
allows the reformed gas to efficiently contact the 
catalyst and is less in increases of pressure loss. 

In the foregoing embodiments, although the 
reformed gas was cooled by means of heat exchange while 
circulating water, cooling may be done by circulating an 
oil substance such as ethylene glycol having a high 
boiling point or a mixed solution of such oil, if 
necessary, depending on the temperature. Air to be 
supplied to the area where gas modification is carried out 
may be used to preheat the reformed material gas . 

Embodiment 2 

In Embodiment 2 of the present invention, a 
branched pathway which bifurcates downstream from the 
connection between the reformed gas supply pathway and the 
oxidant gas supplying segment and is connected to the 
reaction segment at the middle point of the catalyst layer 
and said branched pathway acts as said means for cooling 
the upstream side of the catalyst layer or otherwise for 



heating the downstream side of the catalyst layer. 

More specifically, a branched pathway is formed 
to vary the amount of oxidant gas to be supplied to the 
upstream side and the downstream side of the catalyst 
layer in the reaction segment. This structure enables 
control of the oxidation reaction of CO which generates 
heat as appropriate. In other words, this structure 
reduces temperature rises of the catalyst and prevents 
development of catalyst reaction in the absence of oxygen. 

The hydrogen purifying apparatus having such 
structure is advantageous because it can be simplified by 
controlling the branched gas volume based on a ratio of 
the cross -sectional area of the reformed gas supply 
pathway to that of the branched pathway. 

The hydrogen purifying apparatus of Embodiment 2 
in accordance with the present invention preferably 
comprises means for changing the cross -sectional areas of 
both the reformed gas supply pathway and the branched 
pathway at their connection to the reaction segment in 
order to control the volume of the reformed gas to be 
introduced into the reaction segment from the reformed gas 
supply pathway and the branched pathway. 

The reaction segment may have at least a two- 
segmented catalyst layer, wherein at least the uppermost 
catalyst layer has a part inoperable as a catalyst or a 
part with low reactivity to CO. 

Alternatively, the reaction segment may have at 
least a two- segmented catalyst layer, wherein at least the 
uppermost catalyst layer is composed of a catalyst pellet 
and the lowermost catalyst layer is shaped into a 
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honeycomb . 

Alternatively, the reaction segment may have at 
least a two- segmented honeycomb catalyst layer, wherein 
the uppermost catalyst layer may be larger than the 
lowermost catalyst layer with respect to an open area of 
their honeycomb lattice. 

It is also preferable that the uppermost 
catalyst layer comprises a platinum group metal supported 
by an alumina group material and the lowermost catalyst 
layer comprises a platinum group metal supported by a 
zeolite group material. 

It is also desirable that the catalyst 
comprising the uppermost catalyst layer is heated at a 
higher temperature than that of the catalyst comprising 
the lowermost catalyst layer. 

The catalyst layer is preferred to have a 
temperature measuring segment and means for controlling an 
amount of oxidant gas to be supplied according to the 
temperature as measured. 

As shown above, the hydrogen purifying apparatus 
in accordance with Embodiment 2 of the present invention 
is an apparatus for oxidizing and removing CO in a 
reformed gas containing CO in addition to a main component 
of hydrogen gas, comprising a reaction segment having a 
catalyst layer for oxidizing CO, a reformed gas supplying 
segment for supplying the reformed gas to the reaction 
segment via a reformed gas supply pathway, an oxidant gas 
supplying segment for supplying an oxidant gas to the 
reformed gas on the path of the reformed gas supply 
pathway, and a branched pathway which bifurcates 
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downstream from a connection between the reformed gas 
supply pathway and the oxidant gas supplying segment and 
is connected to the reaction segment at the middle of the 
catalyst layer. The branched pathway functions as means 
for cooling the catalyst layer at the upstream side or 
otherwise heating it at the downstream side. 

When the reaction segment has a single catalyst 
layer, two or more reaction segments may be connected and 
a branched pathway may be formed on the reformed gas 
supply pathway to connect thereto not only the upstream 
reaction segment but also the downstream reaction segment. 

In another mode of the present invention, the 
hydrogen purifying apparatus comprises a catalyst reaction 
segment arranged with a multi- segmented catalyst layer, a 
reformed gas supplying segment connected to the catalyst 
reaction segment via a reformed gas supply pathway, and an 
oxidant gas supplying segment connected halfway to the 
reformed gas supplying pathway. And, the apparatus is 
characterized in that a catalyst layer with reduced 
reactivity to CO is arranged on a first segment so as to 
avoid consumption of all oxygen mixed with the reformed 
gas by the first segment in order to enable a supply of 
oxygen as far as a last or lowermost segment . 

In this structure, it is better to form a part 
in the first segment which does not function as a 
catalyst, that is, a part which allows the reformed gas 
mixed with oxygen to pass away without reacting thereto, 
or a part which is reactive more or less but low in 
reactivity to CO contained in the reformed gas . 

The part which does not have catalytic function 



may be formed on th€i catalyst layer by providing such a 
part that carries no catalyst. Otherwise, after forming 
the catalyst layer with a carrier carrying a catalyst and 
a support for supporting the carrier, an opening is formed 
on the support. 

The part with low reactivity to CO may be formed 
on the catalyst layer by providing a part carrying a 
reduced amount of catalyst. 

Reactivity of the catalyst layer to CO decreases 
with decreases in surface area of the catalyst layer. 
Therefore, it is better to form the first segment using a 
catalyst pellet and the lowermost segment using a 
honeycomb . 

When the catalyst layer is a honeycomb, the 
larger an open area of honeycomb lattice, the greater the 
reduction in reactivity of the catalyst layer to CO. 
Therefore, it is better that the first segment is formed 
with a catalyst layer which is larger in open area of 
honeycomb lattice than that of the lowermost segment. 

In the hydrogen purifying apparatus of the 
above-mentioned structure, it is advantageous to form the 
downstream segment with a catalyst layer which exerts the 
catalytic activity at higher temperatures than the first 
segment because this results in stable CO cleanup 
performance . 

This is because a provision of a catalyst layer 
which exerts the catalytic activity in the same range of 
temperature as the first segment downstream from the first 
segment reduces the ability of the downstream segment to 
selectively oxidize CO, unless the reformed gas entering 
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the downstream segment is cooled. 

Therefore, it is better to use a catalyst layer 
carrying a platinum group metallic catalyst on an alumina 
carrier for the first segment and a catalyst layer 
carrying a platinum group metallic catalyst on a zeolite 
carrier which exerts the catalytic activity in higher 
temperatures than the first segment for the terminal 
segment . 

It is also better to use a catalyst layer which 
has been heat-treated at a higher temperature than the 
terminal segment for the first segment because any 
catalyst which has been heated at high temperature is 
reduced in the active points and the active range of 
temperature is lowered. For example, when the catalyst 
layer carries platinum on an alumina carrier, it is better 
to use a catalyst layer which has been heat-treated at 700 

C to 800 °C for the first segment and a catalyst layer 
which has been heated at 500 * C or so for the terminal 
segment . 

Furthermore, controlling the volume of oxidant 
gas to be supplied based on the temperature of the 
catalyst layer as measured by the temperature measuring 
segment connected to the catalyst layer is effective for 
regulating elevation in temperature of the catalyst layer. 

In the following, Embodiment 2 in accordance 
with the present invention will be described referring to 
the drawings . 

Embodiment 2-1 

FIG. 8 illustrates the structure of the 



hydrogen purifying apparatus in Embodiment 2-1. 

A catalyst reaction segment 103 is connected to 
a material gas supply pathway 105 connected to a material 
gas supplying segment 101, a material gas exhaust duct 109 
connected to a fuel cell, and a branched pathway 108. 

The catalyst reaction segment 103 accommodates a 
first catalyst layer 103a and a second catalyst layer 103b 
upstream from the gas flow toward downstream in this 
order. A temperature measuring segment 104a for measuring 
and indicating a temperature of the first catalyst layer 
103a and a temperature measuring segment 104b for 
measuring and indicating a temperature of the second 
catalyst layer 103b are also accommodated. 

Each of the first and the second catalyst layers 
103a and 103b is composed of a catalyst layer carrying, 
for example, a platinum group metallic catalyst on a 
honeycomb carrier. A column filled with a platinum group 
metallic catalyst shaped into a pellet may also be used. 

The branched pathway 108 is open into the 
catalyst reaction segment 103 downstream from the first 
catalyst layer 103a and upstream from the second catalyst 
layer 103b. 

A joint 106 for supplying air entering from an 
oxidant gas supplying segment 102 is formed on the path of 
the material gas supply pathway 105. A branched volume 
control segment 107 connected to the branched pathway 108 
is formed between the joint 106 and the catalyst reaction 
segment 103 to control the volume of material gas to be 
passed to the branched pathway 108. 

The material gas supplying segment 101 has an 
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apparatus for supplying a reformed (material) gas which 
supplies hydrogen gas and contains at least a byproduct 
CO. This supplying apparatus is a reactor which reforms, 
for example , hydrocarbon material gas , alcohol or naphtha 
with steam to generate hydrogen. 

An apparatus for supplying an oxidant gas 
containing at least oxygen is installed inside the oxidant 
gas supplying segment 2 . This apparatus may be 
exemplified as air pump supplying air as the oxidant gas, 

.J% oxygen bomb, etc. 

Next, operations of the hydrogen purifying 

%! apparatus in accordance with Embodiment 2 of the present 

q invention will be described. 

A material gas which has been generated in the 

|3 material gas supplying segment 101 is supplied to the 

"Hp S 

jy catalyst reaction segment 103 through the material gas 

jJJ supply pathway 105 while supplying air from the oxidant 

& gas supplying segment 102 through the joint 106 at the 

same time. At that time, the volume (mole) of oxygen 
contained in the air may be adjusted to, for example, half 
the volume of CO in the material gas . 

Some part of the material gas mixed with oxygen 
enters the upstream side of the first catalyst layer 103a 
in the catalyst reaction segment 103 through the material 
gas supply pathway 105. The remaining part enters the 
downstream side of the first catalyst layer 103a through 
the branched pathwa3f 108 and mixed with the material gas 
which has passed through the first catalyst layer 103a. 
The volume of the material gas entering the material gas 
supply pathway 105 and the branched pathway 108 is 
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regulated by the branched volume control segment 107. 

Then, the material gas mixture is passed to the 
second catalyst layer 103b to oxidize and remove CO in the 
material gas there. The material gas from which CO has 
been removed and cleaned up is supplied to the fuel cell 
through the material gas exhaust duct 109 . 

As such, by branching the material gas mixed 
with oxygen to clean up some part of the material gas at 
the first catalyst layer, the amount of heat generating at 
the first catalyst layer can be reduced. 

r 

Furthermore, since the material gas which avoids 
the first catalyst layer is passed to the second catalyst 
layer, temperature rise in the material gas entering the 
second catalyst layer can be prevented. This in turn 
suppresses temperature rise in the second catalyst layer. 
Furthermore, this structure facilitates supply of oxygen 
necessary for cleaning up the material gas by removing CO 
at the second catalyst layer thereby preventing depletion 
of oxygen during catalyst reaction at the second catalyst 
layer . 

As discussed above, the present embodiment 
allows the catalyst which selectively oxidizes CO to exert 
the catalytic activity sufficiently and facilitates 
removal of more amounts of CO, that is, cleanup of the 
material gas flowing at a high rate. 

Furthermore, since this embodiment permits the 
monistic control of the volume of air to be supplied, an 
exact volume of air can be supplied and thus consumption 
of hydrogen gas by excess oxygen can be prevented. 

The volume of material gas passing through the 



upstream side of the first catalyst layer 103a and that 
passing through the branched pathway 108 may be controlled 
based on a ratio of the cross -sectional area of the 
material gas supply pathway 105 to that of the branched 
pathway 108 without forming the branched volume control 
segment 107. For example, when the ratio is set at 1:1, 
the material gas is branched in half . 

The above structure facilitates simplified 
control of the catalyst layer in an optimal range of 
temperature . 

This structure also facilitates control of the 
catalyst layer temperature with high accuracy by adjusting 
the branched volume of material gas based on the 
temperature measured by the catalyst layer temperature 
measuring segment 104. This is advantageous in cleaning 
up CO in correspondence with a change in the flow rate of 
hydrogen . 

An oxygen volume (mole) in the air to be 
supplied less than half the volume of CO in the material 
gas is more likely to lead to depletion of oxygen. 
Therefore, it is better to determine the air volume to be 
supplied to make an oxygen volume more than half the 
volume of CO . 

Next, a specific example of operation of the 
hydrogen purifying apparatus in accordance with Embodiment 
2 will be described . 

A steam reforming apparatus for natural gas is 
used as a material gas generator of the material gas 
supplying segment 101. A material gas containing about 
80% hydrogen, about 19.5% carbon dioxide and about 0.5% 



carbon monoxide on the basis of dry gas was generated. 
The resultant material gas was passed to the material gas 
supply pathway 105 at a rate of 10 1/min. 

Air containing oxygen about twice the volume of 
CO was supplied to the material gas through the Joint 106 
using an air pump installed at the oxidant gas supplying 
segment 102. 

After mixed with air, the material gas was 
branched in about half by the branched volume control 
segment 107. The branched half was passed to the upstream 
side of the first catalyst layer 103a in the catalyst 
reaction segment 103. 

Gas analysis of the material gas collected after 
it had passed through the first catalyst layer 103a 
indicated that the material gas contained 10 ppm CO or 
less. Similar analysis of the material gas collected 
after it was mixed with the branched material gas 
indicated that the material gas mixture contained about 
0.25% CO and oxygen about twice the volume of CO. 

Gas analysis of the material gas excreted from 
the material gas exhaust duct 109 revealed the presence of 
10 ppm CO or less in the material gas. 

A doubling of the volume of material gas to be 
supplied also decreased the CO concentration in the 
material gas to as low as 10 ppm or less. 

Embodiment 2-2 

FIG . 9 illustrates the structure of the hydrogen 
purifying apparatus in accordance with Embodiment 2-2 of 
the present invention. 
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A first catalyst reaction segment 111 is formed 
upstream from the material gas stream and a second 
catalyst reaction segment 114 downstream from the material 
gas stream. The first and the second reaction segments 
are connected to each other via a communicating pathway 
113. 

While the first catalyst reaction segment 111 is 
connected to a material gas supply pathway 105 which is 
connected to the material gas supplying segment 101, and 
|S the second catalyst reaction segment 114 is connected to a 

material gas exhaust duct 109 which is connected to a fuel 
\! cell. A branched pathway 108 bifurcating from the 

□ material gas supply pathway 105 is connected to the 

" communicating pathway 113 at a junction 110. 

A first catalyst layer 111a and a temperature 
111 measuring segment 112 for measuring the temperature of the 

% first catalyst layer 111a are formed in the first catalyst 

! W reaction segment 111. Similarly, a second catalyst layer 

114a and a temperature measuring segment 115 for measuring 
the temperature of the second catalyst layer 114a are 
formed in the second catalyst reaction segment 114. The 
remaining parts are formed in the same manner as in 
Embodiment 2 - 1 . 

A division of the catalyst reaction segment into 
two parts facilitates effectively mixing the material gas 
which has passed through the first reaction segment with 
the material gas which is supplied through the branched 
pathway 108. This structure also facilitates effectively 
cooling the material gas which has been heated at the 
first catalyst reaction segment whereby cleanup of CO can 



be performed stably 



Embodiment 2-3 

FIG. 10 shows the structure of the hydrogen 
purifying apparatus in accordance with Embodiment 2-3 of 
the present invention. 

A catalyst reaction segment 116 is connected 
not only to a material gas supply pathway 105 which is 
connected to a material gas supplying segment 101 but also 
to a material gas exhaust duct 109 which is connected to a 
fuel cell* 

The catalyst reaction segment 116 accommodates 
therein a first catalyst layer 116a and a second catalyst 
116b upstream from the catalyst reaction segment 116 
toward downstream in this order. The catalyst reaction 
segment 116 also accommodates a temperature measuring 
segment 119a for measuring and indicating the temperature 
of the first catalyst layer 116a and a temperature 
measuring segment 119b for measuring and indicating the 
temperature of the second catalyst layer 116b. The first 
catalyst layer 116a has a catalyst-free part 116c at the 
periphery. A joint 106 for supplying air from an oxidant 
gas supplying segment 102 is formed on the path of the 
material gas supply pathway 105. Identical apparatuses to 
those of Embodiment 2-1 are installed in the material gas 
supplying segment 101 and the oxidant gas supplying 
segment 102. 

In the present embodiment, the material gas is 
not branched after it is supplied and mixed with air in 
order to pass all the material gas to the catalyst 
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reaction segment 116 and the first catalyst layer has the 
catalyst -free part 116c. 

Since oxidation reaction does not occur at the 
catalyst-free part 116c, the material gas which has passed 
through this part is not elevated in temperature . 
Moreover, no oxygen is consumed at this part. Therefore, 
sufficient and stable cleanup of CO can be performed at 
the second catalyst layer 116b. 

Omission of a branched pathway on the flow 
pathway of material gas which has been supplied and mixed 
with the oxidant gas simplifies the structure of the 
resultant hydrogen purifying apparatus . 

The position of the catalyst-free part in the 
catalyst layer is not limited to the periphery of the 
catalyst layer and it may be positioned at any site in the 
catalyst layer, such as center, for example. 

The volume of material gas which has not been 
treated and is to be passed to the second catalyst layer- 
can be regulated based on a ratio of area of the catalyst - 
carrying part of the catalyst layer to that of the 
catalyst -free part. 

For example, when the ratio is 1:1 to 1:10 or 
so, cleanup of CO can be performed stably. 

In the following, an example of concrete 
operations of the hydrogen purifying apparatus of this 
embodiment will be described. 

After setting the ratio of the area of the 
catalyst-carrying part 116a to that of the catalyst-free 
part 116c at 1:1, air was supplied to the material gas 
generated in the same manner as in Embodiment 2-1. The 



material gas was passed into the catalyst reaction segment 
116 in order to treat the material gas. Gas analysis of 
the material gas excreted from the material gas exhaust 
duct 109 indicated that the material gas contained 10 ppm 
CO or less . 

Then, even when the supplied amount of material 
gas was doubled, a CO concentration of 10 ppm or less 
could be achieved. 

The ratio of the area of the catalyst -carrying 
part to that of the catalyst -free part should desirably be 
determined in correspondence with the cleaning up ability 
of the catalyst used and it is not limited to the range of 
1:1 to 1:10. 

Embodiment 2-4 

FIG. 11 illustrates the structure of the 
hydrogen purifying apparatus in accordance with Embodiment 
2-4 of the present invention. 

A catalyst reaction segment 117 is connected to 
both a material gas supply pathway 105 which is connected 
to a material gas supplying segment 101 and a material gas 
exhaust pathway 109 which is connected to a fuel cell. 

The catalyst reaction segment 117 accommodates a 
first catalyst layer and a second catalyst layer 117b 
upstream from the catalyst reaction segment to downward in 
this order. The first catalyst layer is composed of a 
catalyst carrying part 117a which carries a platinum group 
metallic catalyst and a support 117c formed on the 
periphery of the catalyst carrying part 117a. The support 
has an air vent hole 117d. The catalyst reaction segment 
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117 also accommodates a temperature measuring segment 120a 
for measuring and indicating the temperature of the 
catalyst carrying part 117a and a temperature measuring 
segment 120b for measuring and indicating the temperature 
of the second catalyst layer 117b. The remaining parts 
are arranged in the same manner as in Embodiment 2-3. 

Since the material gas which has passed through 
the air vent hole 117d is not elevated in temperature and 
has consumed no oxygen, the second catalyst layer can 
clean up CO sufficiently. 

When a ratio of the total area of the air vent 
hole 117d to the area of the catalyst carrying part 117a 
is 1:1 to 1:10 or so, CO cleanup can be done stably; 
however, the ratio should desirably be determined in 
correspondence with the cleaning up ability of the 
catalyst used and is not limited to the range of 1:1 to 
1:10, 

Embodiment 2-5 

FIG. 12 illustrates the structure of the 
hydrogen purifying apparatus in accordance with Embodiment 
2-5 of the present invention. 

A catalyst reaction segment 118 is connected to 
a material gas supply pathway 105 which is connected to a 
material gas supplying segment 101 and a material gas 
exhaust duct 109 which is connected to a fuel cell. 

The catalyst reaction segment 118 accommodates 
therein a first catalyst layer 118a and a second catalyst 
layer 118b upstream from the catalyst reaction segment 118 
to downward in this order. The catalyst reaction segment 



118 also accommodates a temperature measuring segment 121a 
for measuring and indicating the temperature of the first 
catalyst layer 118a and a temperature measuring segment 
120b for measuring and indicating the temperature of the 
second catalyst layer 118b. For the first catalyst layer 
118a, a catalyst layer with a less number of honeycomb 
lattices per unit area than that of the second catalyst 
layer 118b is used. The remaining parts are arranged in 
the same manner as in Embodiment 2-3. 

The use of such catalyst layer with reduced 
reactivity to CO for the first catalyst layer prevents 
consumption of all oxygen supplied to the material gas at 
the first catalyst layer and thus allows oxygen to be 
passed to the second catalyst layer. This structure also 
enables suppression of temperature rise at the first 
catalyst layer thereby suppressing temperature rise of the 
material gas when it passes through the second catalyst 
layer. As a result, cleanup of CO can be done 
sufficiently at the second catalyst layer. 

The first catalyst layer 118a may be formed 
using a catalyst layer shaped in a pellet and the second 
catalyst layer 118b using a catalyst layer carrying a 
catalyst on a honeycomb carrier. 

Embodiment 2-6 

FIG. 13 illustrates the structure of the 
hydrogen purifying apparatus in accordance with Embodiment 
2-6 of the present invention. 

A catalyst reaction segment 122 is connected to 
a material gas supply pathway 105 which is connected to a 



material gas supplying segment 101, a material gas exhaust 
duct 109 which is connected to a fuel cell, and a branch 
108. 

The catalyst reaction segment 122 accommodates a 
catalyst layer 123 and a temperature measuring segment 124 
for measuring and indicating the temperature of the 
catalyst layer 123. The catalyst layer 123 is a column 
filled with a platinum group metallic catalyst shaped in a 
pellet. The branched pathway 108 is connected to the 
catalyst reaction segment 122 on a side of the catalyst 
layer 123. The remaining parts are arranged in the same 
manner as in Embodiment 2 - 1 . 

Such structure reduces heat generation at the 
catalyst layer 123. Furthermore, since material gas which 
has been branched on the way to the catalyst layer 123 is 
supplied to the middle of the catalyst layer 123, CO in 
the reformed gas can be cleaned up sufficiently. 

In the following, examples of Embodiment 1 in 
accordance with the present invention will be described. 

Example 1 

An alumina carrying platinum was coated on a 
codierite honeycomb of 50 mm diameter and 100 mm length to 
form the catalyst layer 1 . The catalyst layer 1 thus 
formed was placed in the reaction chamber 9 of the 
hydrogen purifying apparatus as shown in FIG. 1 and then a 
reformed gas containing 1% CO, 15% carbon dioxide, 15% 
water vapor and hydrogen for the rest was introduced into 
the apparatus through the reformed gas inlet 2 at a rate 
of 10 1/min. Open air was supplied from the air supply 
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duct at 1 1/min. The temperature of the mixed reformed 
gas with air was cooled to 100 " C with the heat exchanger 
7 in which water is circulated to cause reaction between 
CO and oxygen at the catalyst layer 1 . The catalyst layer 
1 was heated with the heater 8 at the downstream side to 
make a temperature of 150 °C. Measurement of temperature 
distribution on the catalyst layer 1 indicated an almost 
linear elevation from upstream side toward downstream. 
The composition of the reformed gas which was excreted 
from the reformed gas outlet 10 after it had passed 
through the catalyst layer 1 was measured by gas 
chromatography. The result indicated a CO concentration 
of 5 ppm. Then, the flow rate of water circulating inside 
the heat exchanger 7 was varied to alter the temperature 
of the reformed gas to 90 'C and 80 C. The CO 
concentration in the resultant reformed gas was 6 ppm and 
9 ppm, respectively. Then, the set temperature of the 
heater 8 was varied to adjust the temperature of the 
downstream side of the catalyst layer 1 to 140 °C and 160 
°C. The CO concentration in the resultant reformed gas 
was 4 ppm and 9 ppm, respectively. 

Example 2 

In this example, the catalyst layer as formed in 
the above Example 1 was installed inside the reaction 
chamber 18 as shown in FIG. 3 and a reformed gas was 
introduced into the apparatus through the reformed gas 
inlet 12. Measurement of the temperature of the reformed 
gas at the reformed gas inlet 12 showed 200 °C. 
Measurement of the temperature of the downstream side of 
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the catalyst layer 11 which had been heated by the heat 
exchange fin 20 showed 150 "C. Then, the reformed gas was 
cooled down to 100 °C using the heat exchanger 17 and 
reacted at the catalyst layer 11. This produced a CO 
concentration of 5 ppm. 

Example 3 

As shown in FIG. 4, a codierite honeycomb base 
of 100 mm diameter and 100 mm length having a punched hole 
of 80 mm diameter in the center was coated with an 
identical catalyst to that in Example 1 to form the 
catalyst layer 21. Measurement of the temperature of the 
downstream side of the catalyst layer 11 which had been 
heated by the heat exchange fin 30 showed 150 °C. Then, 
the reformed gas was cooled down to 100 " C using the heat 
exchanger 27 and reacted at the catalyst layer 21. This 
produced a CO concentration of 4 ppm. 

Example 4 

A codierite honeycomb of 50 mm diameter and 50 
mm length was coated with platinum- carrying mordenite to 
form the first catalyst layer 31. Similarly, a codierite 
honeycomb of the same size was coated with platinum- 
carrying alumina to form the second catalyst layer 32. 
The first and the second catalyst layers 31 and 32 thus 
formed were placed in the reaction chamber 40 as shown in 
FIG. 5. Then, the modified gas was cooled down to 140 "C 
using the heat exchanger 38. The temperature of the 
second catalyst layer 32 was controlled with a heater 39 
such that the downstream side had a temperature of 160 °C. 



Measurement of the temperature of the downstream side of 
the first catalyst layer 31 showed 150 C. Measurement of 
the CO concentration at the reformed gas outlet 41 
indicated 1 ppm. 

Example 5 

In this example, a codierite honeycomb measuring 
50 mm in diameter and 50 mm in length was coated with 
platinum- carrying mordenite to form the first catalyst 
layer 51. Similarly, a codierite honeycomb of the same 
size was coated with platinum- carrying alumina to form the 
second catalyst layer 52. Both the first and the second 
catalyst layers 51 and 52 were installed in the reaction 
chamber 62 as shown in FIG. 7. The reformed gas was 
cooled down to 150 "C using the heat exchanger 60. The 
temperature of the second catalyst layer 52 was controlled 
with the heater 61 such that the downstream side had a 
temperature of 130 °C. Measurement of the temperature at 
the downstream side of the first catalyst layer 51 and the 
upstream side of the second catalyst layer 52 indicated 
140 °C for the former and 100 °C for the latter. 
Measurement of the CO concentration at the reformed gas 
outlet 63 showed 2 ppm. 

Comparative Example 1 

After omitting the heater 8 from the apparatus 
of Example 1, the modified gas was introduced into the 
apparatus through the reformed gas inlet 2 in the same 
manner as in Example 1 . The reformed gas was cooled down 
to 100 °C using the heat exchanger 7 and reacted at the 
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catalyst layer 1. Measurement of the temperature 
distribution in the catalyst layer 1 showed a temperature 
of 100 C at the upstream side. The temperature showed a 
linear decrease toward downstream and the temperature was 
90 C at the lowermost. Gas chromatography of the 
composition of the reformed gas excreted from the reformed 
gas outlet 10 after it had passed through the catalyst 
layer 1 indicated a CO concentration of 2,000 ppm. Then, 
the flow rate of the circulating water in the heat 
:ft exchanger 7 was changed to vary the temperature of the 

\% reformed gas to 90 C r 110 °C and 120 C. These 

y temperatures produced CO concentrations of 5,000 ppm, 200 

q ppm and 500 ppm, respectively. 

O Comparative Example 2 

III The heater 61 was omitted from the apparatus of 

[% Example 5 . Measurement of the temperature at the 

D downstream side of the first catalyst layer 51, and at the 

upstream side and downstream side of the second catalyst 
layer 52 indicated 140 C, 100 "C and 90 *C, respectively. 
The CO concentration measured at the reformed gas outlet 
63 was 500 ppm. 

Although the present invention has been 
described in terms of the presently preferred embodiments, 
it is to be understood that such disclosure is not to be 
interpreted as limiting. Various alterations and 
modifications will no doubt become apparent to those 
skilled in the art to which the present invention 
pertains, after having read the above disclosure. 
Accordingly, it is intended that the appended claims be 
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interpreted as covering all alterations and modifications 
as fall within the true spirit and scope of the invention. 
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CLAIMS 

1. A hydrogen purifying apparatus for oxidizing 
and removing carbon monoxide in a reformed gas containing 
carbon monoxide in addition to a main component of 
hydrogen gas, comprising a reaction segment having a 
catalyst layer for oxidizing carbon monoxide, a reformed 
gas supplying segment for supplying said reformed gas to 
said reaction segment via a reformed gas supply pathway, 
an oxidant gas supplying segment for supplying an oxidant 
gas on the path of said reformed gas supply pathway, means 
for cooling said catalyst layer at the upstream side, and 
means for heating said catalyst layer at the downstream 
side. 

2 . The hydrogen purifying apparatus in 
accordance with claim 1, wherein said means for cooling 
said catalyst layer at the upstream side is a water-cooled 
apparatus and said means for heating said catalyst layer 
at the downstream side is a heater. 

3 • The hydrogen purifying apparatus in 
accordance with claim 2, wherein said upstream side of 
said catalyst layer is formed by a different catalyst from 
that of said downstream side, and the catalyst 
constituting said downstream side exerts the activity at 
lower temperature than the catalyst constituting said 
upstream side . 

4 . The hydrogen purifying apparatus in 
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accordance with claim 3, wherein said catalyst is 
supported by a metallic material. 

5 . The hydrogen purifying apparatus in 
accordance with claim 2 , wherein said heating means 
utilizes reaction heat generated by reaction of carbon 
monoxide and hydrogen in said reformed gas with said 
oxidant gas . 

6 . The hydrogen purifying apparatus in 
accordance with claim 2, wherein a supplying amount of 
said oxidant gas is changed in correspondence with a 
temperature of said catalyst layer . 

7 . The hydrogen purifying apparatus in 
accordance with claim 2, wherein a flow pathway of said 
reformed gas is formed at a position close to or in close 
contact with said catalyst layer via a partition so as to 
heat said down stream side of said catalyst layer by a 
contact with said reformed gas before the passage through 
said cooling means . 

8 . The hydrogen purifying apparatus in 
accordance with claim 7, wherein said reformed gas passes 
through said catalyst layer in an opposing direction of 
stream to that before the same passes through said cooling 
means . 

9 . The hydrogen purifying apparatus in 
accordance with claim 7, wherein said reaction segment is 
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placed on the periphery of said flow pathway of said 
reformed gas before the passage through said catalyst 
layer . 

10. The hydrogen purifying apparatus in 
accordance with claim 8, wherein said reaction segment is 
tube- shaped and said flow pathway of said reformed gas 
before the passage through said cooling means is formed 
around said reaction segment . 

11. The hydrogen purifying apparatus in 
accordance with claim 10 , wherein two or more reaction 
segments are connected in parallel. 

12. The hydrogen purifying apparatus in 
accordance with claim 1, wherein a branched pathway is 
formed which bifurcates downstream from a connection 
between said reformed gas supply pathway and said oxidant 
gas supply pathway and is connected to said reaction 
segment at the middle point of said catalyst layer, said 
branched pathway acting as said means for cooling the 
upstream side of said catalyst layer or otherwise said 
means for heating the downstream side of said catalyst 
layer . 

13. The hydrogen purifying apparatus in 
accordance with claim 12, further comprising means for 
changing the cross -sectional area of said reformed gas 
supply pathway and said branched pathway at their 
connection to said reaction segment in order to control an 



amount of reformed gas to be supplied to said reaction 
segment from said reformed gas supply pathway and said 
branched pathway . 

14. The hydrogen purifying apparatus in 
accordance with claim 13, wherein said reaction segment 
has at least a two- segmented catalyst layer and at least 
the uppermost catalyst layer has a part with no catalytic 
function or a part with low reactivity to CO. 

15. The hydrogen purifying apparatus in 
accordance with claim 13, wherein said reaction segment 
has at least a two -segmented catalyst layer, and at least 
the uppermost catalyst layer is composed of a catalyst 
pellet and the lowermost catalyst layer has a shape of a 
honeycomb . 

16. The hydrogen purifying apparatus in 
accordance with claim 13, wherein said reaction segment 
has at least a two- segmented honeycomb shaped catalyst 
layer, and the uppermost catalyst layer is larger than the 
lowermost side catalyst layer with respect to an open area 
at the honeycomb lattice. 

17. The hydrogen purifying apparatus in 
accordance with claim 14, wherein the uppermost catalyst 
layer comprises a platinum group metal supported by the 
alumina group material and the lowermost catalyst layer 
comprises a platinum group metal supported by the zeolite 
group material. 



18. The hydrogen purifying apparatus in 
accordance with claim 14, wherein said uppermost catalyst 
layer comprises a catalyst which was heated at a higher 
temperature than that of said lowermost catalyst layer. 

19. The hydrogen purifying apparatus in 
accordance with claim 14, wherein said catalyst layer 
obtains a temperature measuring apparatus segment and 
means for controlling a supplying amount of said oxidant 
gas according to a temperature as measured. 



ABSTRACT OF THE DISCLOSURE 

The present invention relates to a hydrogen 
purifying apparatus for oxidizing and removing CO in a 
reformed gas containing CO in addition to a main component 
of hydrogen gas, comprising a reaction segment having a 
catalyst layer for oxidizing CO, a reformed gas supplying 
segment for supplying the reformed gas to the reaction 
segment via a reformed gas supply pathway, and an oxidant 
gas supplying segment for supplying an oxidant gas on the 
path of the reformed gas supply pathway. Preferably, the 
apparatus further comprises means for cooling the catalyst 
layer at the upstream side and means for heating the 
catalyst layer at the downstream side . 
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Japanese Language Declaration 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are as stated 
below next to my name, 



I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention entitled 



Hydrogen purifying apparatus 



'to 



(EMiT*iS"&) 



the specification of which 
(check one) 

is- attached hereto. 



Q was filed on 



as 



Application Serial No. 



and was amended on 



(if applicable) 



ISO -So 



1 hereby state that I have reviewed and understand the con- 
tents of the above identified specification, including the claims, 
as amended by any amendment referred to above. 

1 acknowledge the duty to disclose information which is ma- 
terial to the examination of this application in accordance with 
Title 37. Code of Federal Regulations, § 1.56(a). 
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Prior foreign applications 



I hereby claim foreign priority benefits under Title 35, United 
States Code, §119 of any foreign application(s) for patent or 
inventor's certificate listed below and have also identified 
below any foreign application for patent or inventor's certifi- 
cate having a filing date before that of the application on 
which priority is claimed: 



Priority claimed 



Hei 10- 


-21 3684 


Japan 


29 July, 


1998 


(Number) 
(# ^) 

Hei 11- 


-102608 


(Country) 
(ffl «) 

Japan 


(Day/Month/Year Filed) 

9 April, 


1 999 


(Number) 
(* #) 




(Country) 

(S «) 


(Day/Month/Year Red) 
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(Number) 
(# #) 




(Country) 
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(Day/Month/Year Filed) 
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1 hereby claim the benefit under Title 35, United States Code, 
§120 of any United States application(s) listed below and t 
insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States appli- 
cation in the manner provided by the first paragraph of Title 
35. United States Code, §112, I acknowledge the duty to 
disclose material information as defined in Title 37, Code of 
Federal Regulations, § 1.56(a) which occurred between the 
filing date of the prior application and the national or PCT 
international filing date of this application: 



(Application Serial No.) 



(Application Serial No.) 

(£USS#^) 



(Filing Date) 
(&MB) 



m >5£) 



(Status) 
(patented, pending, 
abandoned) 



(Filing Date) 

(as* a) 



(Status) 
(patented, pending, 
abandoned) 
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I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on infor- 
mation and belief are believed to be true; and further that 
these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent 
issued thereon. 
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POWER OF ATTORNEY; As a named inventor, I hereby 
appoint the following attorney(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connected therewith, (list name and reg- 
istration number) 

Ronald L. Panitch, Registration No. 22,825; William W. Schwarze r 
Registration No. 25,918; Alan S. Nadel, Registration No. 27,363; Leslie L. 
Kasten, Jr., Registration No. 28,959; Joel S. Goldhammer, Registration No. 
22,130; John Jamieson, Jr., Registration No. 29,546; Martin G. Belisario, 
Registration No. 32,886; Lynda L. Calderone, Registration No. 35,837; 
Steven H. Meyer, Registration No. 37,189; Randolph J. Huis, Registration 
No. 34,626; Clark A. Jablon, Registration No. 35,039; Christopher Egolf, 
Registration No. 27,633; Kathryn Doyle Leary, Registration No. 36,317; 
Gary D. Colby, Registration No. 40,961; and Catherine M. Joyce, 
Registration No. 40,668, with full powers of substitution and revocation. 



Send Correspondence to: 

Panitch Schwarze Jacobs & Nadel, P-C 

One Commerce Square 

2005 Market Street, 22nd Floor, 

Philadelphia, PA 19103-7086 

U. S. A. 



Direct Telephone Calls to: [name and telephone number) 

(215) 567-2020 
William W. Schwarze 
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Full name of sole or first inventor 

Kiyoshi TAGUCHI 



inventor's signature 



Date 



%i^^t cf&fjuml July 15, 1999 



Residence 

Moriguchi-shi, Osaka Japan 



Citizenship 

Japanese 



Post Office Address . 

Shoun-ryo, 2-26-3, Yagumokitamachi , 
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Mori guchi-shi, Osaka 570-0008 Japan 

Full name of second joint inventor, if any 

Takeshi TOMIZAWA 



Second Inventor's signature 



Date 

■Tnly 1S r 1QQQ 



Residence 

Ikoma-shi, Nara Japan 



Citizenship 

Japanese 



Post Office Address 

12-12, Mayumiminami 1 -chome , 



Ikoma-shi, Nara 630-0123 Japan 
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sequent joint inventors.) 
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Full name of third joint inventor, if any | 

Kunihiro UKAI 




Third Inventor's signature Date 
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Residence 
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Citizenship 

Japanese 




Post Office Address 
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Full name of fourth joint inventor, if any 

Kimiyasu HONDA 
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Residence 7 

Kusatsu-shi, Shiga Japan 
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Citizenship 

Japanese 




Post Office Address 

2-3-7, Nishikusatsu, Kusatsu-shi, 




Shiga 525-0035 Japan 






Full name of fifth joint inventor, if any 

Toshiyuki SHONO 




Fifth Inventor's signature Date 

7oskLyuk: SAcno July 15, 1999 




Residence ( 

Soraku-gun, Kyoto Japan 




Citizenship 

Japanese 




Post Office Address 

7-26-6-1, Hikaridai, Seika-cho, 




Soraku-gun, Kyoto 619-0237 Japan 






Fuit name of sixth joint inventor, if any 

Kouichiro KITAGAWA 
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Sixth Inventor's signature Dale 

^ly 15, 1999 




Residence 
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Citizenship 

Japanese 
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